ABSTRACT
Transmembrane (TM) proteins are primary targets of both basic science and pharmaceutical research. A number of algorithms designed to identify putative TM-helices in the primary amino acid sequence have been developed [for recent reviews, see Chen et al. (2002) ; Simon et al. (2001) and references therein].
While the tools are effective in locating TM segments in real TM-proteins, they tend to identify hydrophobic clusters in globular proteins as TM segments incorrectly. Non-TM query sequences (20-30%) may give false positive hits in the prediction process (Chen et al., 2002; Krogh et al., 2001; Tompa et al., 2001) . The recent modification of the DAS algorithm can provide a solution to this problem (Cserzo et al., 1994 (Cserzo et al., , 1997 (Cserzo et al., , 2002 .
In a first step, the program computes a special hydrophobicity profile by comparing the query sequence with a library of known TM-containing proteins (Cserzo et al., 2002) . * To whom correspondence should be addressed.
The major novelty of the DAS-TMfilter algorithm relative to the original DAS is a second-'reversed'-prediction cycle (Cserzo et al., 2002) . At this stage, the query sequence is used to predict TM segments in the sequences of a TM-library. The result of this second prediction step is compared to the location of the known TM segments and a quality value Q for the prediction is computed according to the success rate of match. Q is a value between 0 and 1; high quality values Q indicate that the query is likely a real TM-protein while, typically, non-TM queries perform badly in this test and yield low quality values Q. The error rate of wrong assignment is significantly lower (only ∼1% in a set of soluble proteins) than with the direct application of any traditional TM-prediction method alone. At the same time, ∼95% of documented TM proteins are recognized. For each TM region, an individual E-value of false positive prediction is generated. The efficiency tests are described in the original paper (Cserzo et al., 2002) . In this way, the automated screening for TM-proteins in nonannotated genomic data becomes possible at a reasonably low error rate.
The web-based version of the algorithm accepts fastaformat protein sequences as input. The number of queries is limited to 50 for one submission. This limit is set to prevent potential overload of the server. It might be removed or modified in the future. It is also possible to submit a single sequence in raw format. The estimated capacity of each of the servers is about 1000 queries/h. The length of a query should be below 2000 residues. Longer sequences can be submitted in less than 2000 amino acids chunks with 20 residue overlap between them. Sequences shorter than 30 amino acids are skipped, as the prediction is meaningless for peptides this short.
The operation of the server is controlled by three sets of alternative switches. First, users can ask for the output in a short format or in a long version. In the output, the fasta comment line of the query is echoed. Next, the total number of predicted TMH segments and the quality value Q of the prediction are tabulated. This section is followed by the data of the individual peaks of the hydrophobicity profile-if any-in one line for each peak: the sequence location of the maximum of the peak, the value of the hydrophobicity curve at that point, the start and end of the TMH core segment (where the profile is above the 2.5 threshold) and the E-value for the detected peak. The latter measures the probability that the individual peak is a false positive hit. In the long format, the user will get an ASCII-graphics representation of the hydrophobicity curve in addition. Example outputs are shown in the online documentation.
The second switch controls the evaluation of the prediction. For the 'unconditional' setting, the Q-value of the prediction is always calculated. In the alternative, computationally faster setting, the internal decision-making mechanism concludes whether the Q-value is really necessary. The quality value is most important for queries with just a single predicted TMH segment, the case with most false positive hits when applying traditional TM predictors. Note that the Q-value only indicates the type of the query (TM-containing protein or not) and is not informative with respect to the number of TMH segments found.
The third switch controls the size of the TM-library used in the calculation (8, 16, 24 or 32 TM proteins in the learning set). Small library size means faster runs but somewhat less accurate results. In trivial cases with strong DAS-TMfilter signals, the setting 8 is sufficient. When the peaks on the hydrophobicity profile are close to the empirical limit of 2.5, the larger libraries may give more accurate results. The computation time increases linearly with library size.
The decision-making backend of the tool generates contextdependent warnings, for example in the case of sequentially very close TM regions (see online documentation for types of warnings). It will not suppress the primary data but rather help the user to interpret the results. Please note two important limitations of the tool:
• DAS-TMfilter cannot make distinction between hydrophobic regions in signal peptides and permanent TMH segments at the very beginning of a sequence. In the case of a hit at the N-terminus (first 20 amino acids), a warning is generated instead.
• The DAS-TMfilter server returns only sequence positions delimiting the hydrophobic region that represents the core of a TMH. Such a sequence stretch can be significantly shorter than the typically assumed 21 residues for membrane pass with an α-helix. The actual sequence positions where the protein enters the membrane can be wider apart but are expected to enclose the predicted core. The currently available experimental data preclude reliable prediction of actual membrane entry points (Cserzo et al., 2002) . The server operates at three mirror sites: http://mendel.imp. univie.ac.at/sat/DAS/DAS.html, http://wooster.bip.bham.ac. uk/DAS.html and http://www.enzim.hu/DAS/DAS.html. Full online documentation is available.
